INTRODUCTION
Lumbar spinal stenosis (LSS) is one of the major causes of back pain, ranging in incidence between 1.7%-8% (1) . The diagnosis of LSS is usually made with history and clinical findings. Magnetic resonance imaging (MRI) provides information about the level and severity of stenosis (2) . Although measuring spinal canal diameter is advantageous for diagnosis, the severity of symptoms is not necessarily always proportional to the canal diameter (2) .
Due to the increase in the elderly population, diagnosis and treatment of LSS has become even more important today. In patients with mild to moderate symptoms, conservative treatment methods are preferred initially (3) . Physiotherapy modalities are commonly used as non-pharmacological treatments are less likely to have systemic side effects (4) . However, treatment of pain associated with spinal stenosis is challenging, and therefore, new treatment methods are needed.
Pulsed electromagnetic field therapy (PEMF) has been used and found to be useful in the treatment of pain due to different causes such as degenerative arthritis, lateral epicondylitis, and fibromyalgia (5) (6) (7) (8) . To our knowledge, there is no previous study on PEMF in cases with LSS. The magnetic field treatment created by passing a continuous current through a coil has analgesic and anti-inflammatory effects. Macrophage stimulation provides an anti-inflammatory effect by changing enzyme activation and pH. It creates an analgesic effect by depolarising the nociceptive C-fibres. Moreover, the high level of anti-inflammatory cytokines due to increased blood flow because of vasodilatation may also play a role in the analgesic effect (9) . It is possible to avoid undesirable side effects, such as heating in pulsed magnetic fields created by conducting discrete electrical currents through the coil (5). Different devices for magnetic field treatment have been developed for this purpose. The strongest magnetic fields are the spiral electrodes surrounding the body (10) .
The aim of this study was to investigate the efficacy of PEMF in patients with back and/or leg pain associated with LSS.
MATERIALS AND METHOD
This study is single-blind randomised controlled study. Fifty patients who were admitted to hospital outpatient clinic presenting with complaints of back and/or leg pain between 15 November, 2015 and 15 November, 2016 and diagnosed with LSS based on clinical findings and lumbar MRI were included in this study. A diagnosis of the clinical syndrome of LSS requires both the presence of characteristic symptoms (low back pain, neurogenic claudication, lower extremity pain, numbness) and signs and radiographic or anatomic confirmation of narrowing or stenosis (central canal<10mm, lateral recess<3mm) of the lumbar spinal canal (11).
The inclusion criteria were: Patients aged>50 years, having chronic back pain, capable of independent ambulation, absence of visual disturbances and hearing impairments, good mental and cognitive health, having central and/ or lateral recess stenosis on spinal stenosis on MRI and not having a physical therapy programme in the last 3 months. The exclusion criteria were: back pain for<3 weeks, inconsistent clinic findings although the detection of LSS on MRI, presence of progressive neurological deficit, primary or metastatic spinal malignancy or history, infectious spondylodiscitis such as tuberculosis, brucellosis, inflammatory spondylitis, uncontrolled systemic disease, history of lumbar surgery, the presence of acute lumbar trauma, lower limb operation or unhealed fracture, pregnancy, epilepsy and implanted medical devices, such as pacemaker, insulin pump or hepatic artery infusion pump.
The history of physiotherapy in the last year, walking distance , duration of low back pain, number of sessions, and the use of analgesics braces and canes were noted. In MRI, the level of lumbar central stenosis of all patients was determined, and central canal and lateral recess diameters were measured. Central canal measured distance between middle of vertebral body and middle of basis processus spinosus at border of dural sac. Lateral recess measured distance between superior articular facet and the top part of the pedicle. Measures were recorded in milimetres (12) . All patients were examined by the same physician, and all of them experienced an increased pain with back extension. Patients were randomly assigned to each group. The treatment group received PEMF for 15 minutes in each session. Patients in the placebo group were laid on PEMF table for 15 minutes, but did not receive treatement; they received magnetic field therapy for 2 weeks. Patients in both groups were trained in lumbar flexion exercises, and advised to do these exercises every day for 10 times, twice a day throughout the study. Patients in both groups were allowed to use paracetamol for pain if needed. Physical examination was performed in the patients in both groups before therapy, at the end of 10 sessions of therapy and 3 weeks after therapy.
Visual analogue scale (VAS: 0-10cm) was used to assess the severity of resting low back pain or leg pain with 0 (no pain) to 10 (worst pain ever). Timed Up and Go (TUG) test was used for functional mobility. The TUG uses the time that a person takes to rise from a standard 45 cm chair, walk 3 m, turn around, walk back to the chair, and sit down (13) . Two trials performed and the faster of the two is recorded. The Oswestry Disability Index (ODI; range 0-100) was used for physical disability. It is a self-administered questionnaire divided into ten sections designed to assess limitations of various activities of daily living. Each section is scored on a 0-5 scale, 5 representing the greatest disability. The index is calculated by dividing the summed score by the total possible score, which is then multiplied by 100 and expressed as a percentage (14) . The overall quality of life was assessed using the EuroQol-5D VAS (EQ5D-VAS) index scale. EQ5D-VAS was presented as a vertical line, marked from 100 (best imaginable health state) to 0 (worst imaginable health state) in the centre of page. Respondents were asked to draw a line to the EQ5D-VAS to indicate how good or bad health state.
MAG-Expert with coil Ø 60 cm (Physiomed, Germany, AC input 230V/1-100Hz, intensity 1-100 gauss, input power 400VA) magnetotherapy unit was used for PEMF administration in the study. PEMF for a total of 10 sessions was administered to the lumbar region for two weeks, 15 minutes per day and five sessions per week.
Patients were treated at the same specific time each day. All applications were carried out by the same person during the therapy. Patients were laid in a comfortable supine position on the treatment table. Channel 1 was selected from the device touch screen, and the frequency was set manually to 25 Hz and intensity to 80 gauss.
Patients in both the PEMF and placebo groups received therapy (or sham) in the same manner for the same amount of time. Patients in the placebo group were placed in supine position into the solenoid coil. The written consents of all the patients enrolled in the study were obtained after they were informed of the study and relevant general information about their disease. This study was approved by the hospital ethics committee on 08.04.2016. (Number:2016-202)
Statistical analysis
The mean, standard deviation, median lowest, highest, frequency and ratio values were used in the descriptive statistics of the data. The distribution of the variables was measured by the Kolmogorov-Simirnov test. Mann-Whitney U test and independent samples t test were used in the analysis of quantitative data. Chi-square test was used in the analysis of qualitative data. The SPSS 22.0 software package was used in the analyses, and a P value of<0.05 was considered statistically significant. Clinical parameter values (VAS, ODI, TUG, EQ5D-VAS) were assessed at baseline, posttherapy, and at the 3 weeks follow-up period in PEMF and placebo groups ( Table 2 ). Posttherapy and control period clinical parameter values were compared to pretreatment (Table 3) . Differences were calculated and the group comparison was made ( Table 3) . 
RESULTS
Forty nine patients who were clinically diagnosed with LSS and confirmed by MRI completed this single-blind, prospective placebo randomised controlled study. One patient in the placebo group discontinued the treatment because of moving to another city. The demographic characteristics of the patient and walking distances are summarised in Table 1 . There was no statistically significant difference between the age and gender distribution and body mass index (BMI) values of the treatment and placebo groups (p>0.05). Antihypertensives were the most commonly used drug in both groups. 14 patients in the PEMF group (56%) and 17 in the placebo group (70.8%) were using antihypertensive drugs.
There was no statistically significant difference between the walking distances in PEMF and placebo groups (p>0.05).
The spinal canal diameter measurements of patients in the PEMF and placebo groups are summarised in Table 1 . In the PEMF group, the most frequent level of absolute central stenosis was L3-4 by 32%, whereas the most common level involved in the placebo group was L2-3 by 50%. There was no significant difference between the diameters of antero-posterior central canal and lateral reces in PEMF and placebo groups (p˃0.05). Mean duration of low back pain was shorter in the PEMF group than that in control (p˂0.05).
Pain intensity measured by VAS before therapy, ODI scores, duration of TUG test and EQ5D-VAS are summarised in Table 2 . There was no significant difference between PEMF and placebo groups in terms of pretreatment VAS, ODI, EQ5D-VAS and TUG scores (p˃0.05). In the PEMF group, improvement in VAS, ODI, EQ5D-VAS and TUG values after treatment and after 3 weeks compared to the placebo group (p˂0.05). The improvement in VAS, ODI and EQ5D-VAS values after treatment and 3 weeks control in the PEMF group was significantly better according to the baseline values (p˂0.05). In the placebo group, VAS, ODI, TUG and EQ5D-VAS scores did not show any change after treatment (p˃0.05). There was no significant difference in term of baseline TUG values between the groups (p˃0.05). However, the decrease in TUG values was significantly higher in PEMF group than that of controls' immediately after treatment and after 3 weeks later (p˂0.05).
DISCUSSION
In this study, our treatment intervention (10 sessions of 15-minute PEMF) improved low back and leg pain, disability, functional mobility and general health condition in LSS patients, which was sustained even after 3 weeks. No significant improvements were noted in the placebo group.
Chronic pain is related to depression, disability and reduced quality of life (15) . We believe that PEMF has positive effects on disability and quality of life parameters due to decreased back pain. In this study, there was significant relief in low back and leg pain after treatment in the PEMF group with LSS. The magnetic field affects cell membrane potential causing depolarisation in the nociceptive C-fibres, resulting in an analgesic effect (9) . In a plethysmographic study, blood flow in the applied magnetic field region is increased by 45% and oxygenation is increased by 25%. Increased blood flow in the tissues creates an anti-inflammatory effect (16).
Khoromi et al., assessed the pain relieving efficacy of low indensity permenant magnets in a double-blind, randomized study in patients with lumbar radicular pain. They concluded that relative treatment effect of the 200 G magnets appeared to increase throughout the 5-week period and for this reason this type of therapy may be considered in patients with lumbar radicular pain (17) .
In a randomised controlled study in patients with discogenic lomber radiculopathy by Omar et al., severity of low back pain was reduced with 3 weeks of PEMF (18), as well as improvements in hypoesthesia, achilles reflex, and straight leg raise tests.
In current study, there was a significant increase in functional mobility after treatment in the PEMF group compared to control. The increase in mobility was sustained after three weeks. In the placebo group, there was no change in mobility after treatment or after three weeks.
An important finding of this study was that the improvement in the physical disability measured by ODI in the PEMF group was significantly better after treatment and at 3 weeks of control. However, there was a significant decrease in physical disability after treatment in both PEMF and placebo groups, and was sustained for the 3-week post-treatment period. This suggests that PEMF treatment in patients with lumbar radiculopathy provides a significant improvement in the disability scores measured by modified ODI (18) .
In our study, the improvement in health condition as measured by EQ5D-VAS after treatment in the PEMF group was significantly better than placebo. This situation also continued after the 3-week control period. There was an insignificant improvement in the placebo group after treatment and 3 weeks follow-up period.
Chao et al., suggested that cervical and lumbar radicular pain decreased by 53.6% and 50.8%, respectively, after one week of PEMF treatment. In the same study, the relief of pain was reported in 55% and 45.8% of patients with cervical and lumbar radiculopathy after 3 months of treatment, respectively (19) . Also, in a randomised double-blind controlled study in patients with knee osteoarthritis by Bognatove et al., 12-hour therapy sessions of PEMF a significant improvement in the placebo group was reported in terms of VAS and WOMAC values in the 12-hour therapy in PEMF group per day for 30 days. It was also reported that 26% of the patients in the PEMF group had discontinued the analgesic medication (20) . In a study conducted by Harper et al., PEMF administered twice daily in patients with failed back surgery syndrome, reduced back and leg pain by 44% and 55%, respectively, by the third week of treatment. Those improvements in pain were maintained during 45 days of treatment. In the same study, analgesic use was decreased in 22 patients, and 50% of patients had a significant improvement in physical function (21) . In a prospective, randomised controlled study by Nayback-Beebe et al., PEMF three times a week for a month reduced chronic low back pain in US army workers, and also significantly improved healthrelated quality of life immediately after treatment and one month post-treatment (22) .
This study has some strengths and some limitations. One of the strength is being the first study to examine the effects of PEMF in LSS patients as our knowledge. The other strengths are its prospective design, radiographic assessments of all patients were carried out by the same physician, low experimental mortality in the PEMF group, and only one patient drop out in placebo the group. The limitation of this study was being single blind with a relatively short follow-up period. However, the duration of low back pain due to LSS was shorter in the PEMF group, all the patients had chronic low back pain more than a year.
In conclusion, there was a significant improvement in back and leg pain, functional mobility, disability and general state of health in patients with LSS compared with the placebo group. There is a need for additional studies to with varying numbers of sessions and different treatment durations.
